We assessed whether temporal variation in gall abundance of Neopelma baccharidis Buckhardt on Baccharis d,.acunculifolia De Candole is determined by climatic conditions, availability of adults for plant colonization, tannin concentration in plant tissue, or attack by natural enemies. We verified the influence ofhost plant sex on the above-mentioned factors. Gall abundance varied during the study period and was higher on the reproductive phases (10.53 :t 0.87 galls per plant) than on the nonreproductive phases (0.89 :t 0.13 galls per plant) of the host plant. Gall abundance was not influenced by weather conditions. The abundance of adults in the field was not responsible for the pattern on gall frequency. No relationship was found between the frequency of gall dehiscence and abundance of adults. Mortality caused by natural enemies inHuenced gall survivorship but did not affect gall abundance in the field. Tannin concentration was higher during the reproductive phase (0.117 :t 0.017 mg/g) than the nonreproductive phase (0.042 :t 0.004 mg/g). Nevertheless, no relationship was found between tannin concentration and gall abundance, probably because of the feeding habit of galling insects. We found that the gender of the host plant did not inHuence gall abundance, tannin concentration, and gall mortality rates. These results suggest that the abundance of galls of N. baccharidis is probably determined by a plant trait that varies between phenological phases, such as other secondary compounds or mechanical defenses not evaluated in this study.
contributed to knowledge of ecological mechanisms and evolutionary processes involved in gall formation, distribution, and diversification (Askew 1975 , Price et al. 1987 , Schrõnrogge et al. 1996 . Nevertheless, parasitism rates on gall-inducing insects are mediated by many factors: habitat (Femandes and Price 1992) , plant genetics (Craig et al. 1990 ), galllocation on the plant, gall anatomical structure ( Craig et al. 1990 , Weis 1994 , and possibly sex ofhost plant and seasonality.
Baccharis dracunculifolia De Candole (Asteraceae ) is a widespread dioecious perennial shrub, 2-3 m in height, that occurs in southeastem and southem Brazil, Argentina, Urui;uay, Paraguay and Bolivia (Barroso 1976) .Neopelma baccharidis Burckhardt (Homoptera: Psyllidae) is the most common gall inducer found on B. dracunculifolia (Araújo et al. 1995) . The galls induce;d by thls psyllid are elliptical, green, glabrous, 1-chambered, and probably have several overlapping generations per year (Lara and Femandes 1994) . B. dracunculifolia grows throughout the year, continuously providing leafbuds for oviposition by N. baccharidis females. This constant growth may facilitate the multivoltinism of the gall inducer (Lara and Femandes 1994) . However, variation in population density of N. baccharidis, the number of generations produced, and the differential attack of each genera-. tion on the host sexes are unknown.
A MUL11TUDE OF factors, including plant age (Karban 1987) , inducible defenses (Haukioja 1982) , and production of secondary compounds (Janzen 1979) influences the quality of plants to herbivores. The defense provided by these factors may change both seasonally and phenologically (Feeny 1976 , Dirzo 1984 , Aide 1988 , Wolda 1988 , Femandes 1990 . Plant phenology affects the concentration of several defensive compounds such as tannins and alkaloid~, that are important in diminishing herbivore pressure on some plant species during growth (Feeny 1970 , Rockwood 1974 , Macauley and Fox 1980 , Prudhomme 1983 , Palo et al. 1985 and reproductive stages (Jing and Coley 1990) .
Plant gender also may affect the biology and pOpulation dynamics of some herbivores. The influence of plant sex on herbivores is suggested to be caused by the differential distribution of male and female plants along moisture gradients (Freeman et al. 1976) , differential pattems of biomass allocation (Agren 1988, Boecklen and Hoffrnan 1993) , or differential production of plant defenses such as tannins. Thus, studies on associations between insects and dioecious plants should consider sexual effects and their consequences in time and space.
The diversity and importance of parasitoids, predators, and inquilines associated with gall inducers are enormous, and the study of these communities has Females of N. baccharidis oviposit on the main vein on leaves of the host plant. Initially, the leaf tissue swells, bending over itself untiljoining its borders and thereby forming an elliptical capsule (Lara and Fernandes 1994) .Nymphs develop inside the inner chamber of this capsule. Gall walls are succulent throughout the development of the psyllid. Even after dehiscence and emergence of the adults, the gall remains attached to the plant, undergoing gradual desiccation~ until it becomes dry and woody. Thus, it is common to find galls from many generations on a single plant.
The galls of N. baccharidis contain from 1 to several nymphs inside the gall chamber. The developmental time of the nymphs is variable, and the length of the adult stage is unknown. Three parasitoid genera are known to attack N. baccharidis: Psyllophagus sp. (Hymenoptera: Encyrtidae) , Zatropis sp. (Hymenoptera: Pteromalidae) , and Brasema sp. (Hymenoptera: Eupelmidae) (Sperber and Collevatti 1996) . The parasitic hymenopterans leave their pupae inside the gall and exit holes in the gall wall after emergence, facilitating the identification of the mortality caused by parasitoids.
In tl1is study we observed the relationships bet\veen plant phenology , tannin concentration in leaves. plant gender, and mortality factors and their effects on the abundance of galls of N. baccharidis. The following 4 questions conceming these interactions were asked: ( 1) Is there a seasonal variation in gall abundance of N. baccharidis? (2) What is the relationship between gall abundance and tannin concentration during the reproductive and nonreproductive phases of the host plant? (3) Are there sex-mediated differences in gall abundance and mortality rates of N. baccharidis? and ( 4) What is the relationship between seasonal variation in gall abundance and mortalitv rates? average temperature and monthly total precipitation during the study period. The vegetation is extremely heterogeneous and disturbed, composed of natura1, introduced, ornamental and fruit-bearing species. The adjacent ,native vegetation is composed of forest and cerrado (savanna) $pecies (Ferrari 1977) . The study plants were all located in a 2-ha area at an early successional stage, with a predominance of B, d,.acunculifolia, 2 other species of Baccharis, grasses, herbaceous plants, and shrubby leguminous species (Araújo et al. 1995) .
Temporal Variation in Gall Abundance. The seasonal variation in gall abundance was evaluated by monthly col1ections of all galls of N. baccharidis from 30 randomly selected B. d'.acunculifolia (15 males and 15 females), from May 1995 to September 1996 (removal study) .Sexes of the host plants were distinguished by analysis of the external morphology of the Howers. Plants were categorized into 1 of 2 phenological groups: reproductive ( when the plants were Howering) and nonreproductive (when the plants did not bear any Howers) .The term vegetative could not be used in this study because B. d'.acunculifolia grows continuously throughout the year.
We also recorded the monthly variation in adult abundance of N. baccharidis in the field. Adults were recorded by visual observation for periods of 20 min on 20 male and 20 female plants randomly selected from the same population, from September 1995 to August 1996. The time of observation was determined through a species , accumulation curve ( C.A.K. Miranda and G.W.F., unpublished data).
Because host plants Hower several times in a year , gall abundance during the reproductive and nonreproductive phases was analyzed separately. Differences were tested using Mann-Whitney U test, as our data did not fol1ow a normal distribution (Zar 1984) . We also grouped the abundance of adults during the reproductive and nonreproductive phases separately, and differences between phases were tested using a 2-tailed t-test (Zar 1984) . Furthermore, we observed whether there was a relationship between monthly gall abundance, monthly average temperature, and monthly total precipitation by multiple linear regression.
We determined the number of generations of galls during 9 mo by marking all newly formed galls each month on 5 males and 5 females of B. d'.acunculifolia randomly selected from the same population ( cohort study) .Al1 gal1s found were marked and censused from February to October 1996. Galls produced each month were marked with different colors of waterresistant paint and considered as belonging to different cohorts ( the total number of gal1s produced in a given month).
Tannin Concentration. The concentration of leaf tannins in the plants col1ected monthly during the removal study was measured using tlle radial diffusion method, to verify the effectiveness of these compounds to defend the plant against attack by the galling psyl1id. Tannins in plant extracts were determined by reaction with bovine serum albumin and by quan- abundance (Fig. 2) . Abundance of adults in the reproductive phases (8.50 :t 1.38, n = 40) did not differ statistically from the nonreproductive phases (8.33 :t 1.36, n = 40, t = 0.085, P > 0.05) .The abundance of galls per plant in the field was not influenced by total precipitation and average monthly temperature (y = 5.40 + 0.285*precipitation + 0.118*temperature, ,.::;: = 0.01, F = 1.32, df = 2, P = 0.26) .
The developmental time ofN. baccharidis galls on B. dracu~lifolia was highly variable, lasting from 1 to 6 mo. Five cohorts were observed during the 9 mo of study. Overlapping generations were observed during the 3 later cohorts. The lst cohort was composed by the opened galls found at the beginning of the study, whereas the 2nd cohort was composed by immature galls that already existed on the plants at the beginning of the study. Hence, we could not determine when these 2 cohorts were produced. AlI tlie other cohorts were produced in the reproductive phases of the host plant (Fig. 3) .Seven percent of the galls of the 3 later cohorts produced adults in May, 26.3% in June, 7.0% in July, 37.5% in August, and 22.2% in October; no adults emerged in September.
Tannin Concentration. There was a higher concentration of tannins in leaf tissues in the reproductive tifying the precipitated complex ( mgl 9 of leaf tissue ) (Hagerman 1987) .Tannin concentration was measured in June 1996 (reproductive phaSe) and in Septemberl996 (nonreproductivephase) . Weperformed linear regression analysis between tannin concentration and gall abundance in the 30 plants for both months. Differences in tannin concentration between the 2 phases and sexes duririg each phase were tested using the Mann-Whitney U test, as the data were not normally distributed (Zar 1984) .
Intersexual Differences. To observe whether or not differences in gall abundance were mediated by plant sex, we compared the total number of galls found on the same 15 males and 15 females of B. dracunculifolia collected monthly during the removal study. Sex-mediated differences in gall abundance were tested using the Mann-Whitney U test (Zar 1984) .
To quantify the effects of host plant gender on mortality rates of N. baccharidis, galls found in the cohort study were collected only after natural dehiscence and immediately dissected for identification of the mortality factors (parasitism, extemal feeding, pathogens, and plant resistance) .Parasitism was identified by exit holes on the walls of the gall and parasitoid pupae exuviae left inside the gall. Extemal feeding on the walls of the gall by orthopterans and lepidopterans was identified by characteristic chewing marks. Herbivory on the gall walls may directly kill the galling nymph or change the microenvironmental conditions inside the gall chamber (Femandes .et al. 1987) .In damaged galls the nymph may drop off or die from dessication. Because plant resistance, death caused by microbial pathogens, and unknown mortality factors were hard to separate in this study, they were grouped into a category called other (Femandes and Price 1992) .
We calculated the attack rate by parasitoids, predators, and other factors, as well as survivorship rates for the 9 mo of the cohort study. Gall mortality rates in the study where galls were removed monthly were probably underestimated, as a result of the gall removal from the plant before its natural opening. For this reason, only the results of the cohort study were used for comparisons between sexes, by using the MannWhitney U test (Zar 1984) .
Gall Abundance and Mortality Rates. To verify the relationship between gall abundance and rates of mortality, the survivorship and mortality rates of N. baccharidis galls observed on the 10 plants of the cohort study were compared with gall abundance through linear regression analysis (Zar 1984 
Results
Temporal Variation in Gall Abundance. The abundance of galls varied throughout the study period (Fig.  2) .Gall abundance per plant was higher in the reproductive phases (10.53 :t 0.87 [mean :t SE]; n = 30) than in the nonreproductive phases (0.89 :t 0.13, n = 30, U = 10,821.0, P < 0.05) .The abundance of adults in the field also was highly variable during the study but did not follow the same pattem observed in gall another 27.04 j: 4.81 %. The aver-age mortality caused by extemal feeding was only 2.82 j: 0.84%. Hence, the overall survivorship rate was 47.i6 j: 4.66%. The mortality caused by these factors varied enormously throughout the study period and no trend was apparent. Parasitoids emerged from galls on alI months except in April and September when no galls dehisced. Parasitism rates varied from 16.2 to 80% during the study period. Mortality caused by other factors was observed in Febroary, March, June, August, and September, and varied from 7.4 to 41%. Extemal feeding was highly variable and infrequent among the months studied (Fig.5) .
Although gall abundance varied enormously throughout the study period (from zero [ April and September] to 109 [February] ; Fig. 5 ), it did not inHuence the mortality caused by parasitoids, external feeders, and other factors. No relationship was found between rates of mortality and gall abundance per plant (Table 1) .
Discussion
The abundance of N. baccharidis galls on B. dracunculifolia was highly variable throughout the study period. There were 2 peaks of abundance during the 17 mo of observation, and these fluctuations in density coincided with the phenological variations of B. dracunculifolia. Twelve times more galls were found in the reproductive phases than in the nonreproductive Table I . Linear regression statistics between gall abundance and rates of parasitism, external feeding, otber, and survivorslúp. Plant sex also did not influence the mortality factors and survivorship of N. baccharidis (Fig. 4) .Although there was a tendency for more galls being hit by parasites on female plants, the difference was not statistically significant ( U = 117.0, p = 0.47) .The opposite trend was observed for mortality caused by other factors, but the relationship was not statistically significant (U = 142.5, p = 0.28). Attack by extemal chewing herbivores on the gall walls that indirectty caused mortality of the galling nymphs showed no trend ( U = 170.5, p = 0.68) .Therefore, survivorship rates were not statistically different between male and female plants (U = 163.5, p = 0.30).
Gall Abundance and Mortality Rates. The most important mortality factors on N. baccharidis were parasitoids, pathogens, and plant resistance ( other factors) .Overall, parasitism accounted for 21.05 ::!: 3.97% of gall mortality whereas other factors accounted for Parasitism Extemal feeding Other
Survivo~hip
None of the factor5 were influenced by the ob5erved variation5 in gall abundance (P > 0.05) (y = mortality factor and x = gall abundance ) .ns, not 5ignjficant at :x = 0.05. Gall-iliducing insects are able to modify the normal cellular differentiation process of the plant, promoting the development of a suitable feeding site (Rohfritsch and Shorthouse 1982) . Phenolic compounds encountered in the early stages of cellular differentiation may rapidly disappear from the feeding tissue during gall development (Rohfritsch and Shorthouse 1982) . Thus, the concentration of tannins may not affect gall inducers due to their feeding habit and capacity to overcome this defense strategy of the hosts. However , the relationships between the concentration of these compounds and their effects on galling-insect preference and performance are still poorly understood.
Tannin effects on the survivorship of insects are highly specific, and the composition rather than the concentration of phenolic compounds may determine the occurrence of an herbivore on a plant species (Zucker 1983) . Zucker (1983) also suggested that the density and richness of herbivores on a plant are conditioned by the kind of secondary compounds existing in its leaves. Therefore, other kinds of chemical or mechanical defenses may differentially affect the gall abundance of N. baccharidis on B. dracunculifolia in the reproductive and nonreproductive phases. In contrast, Taper and Case ( 1987) showed beneficial effects of tannins for gall-inducing cynipids. They suggested that the high density of galls on leaves with high tannin concentration could be due to the effect of these compounds in the defense of galls against parasites and fungal infestation. Despite the high parasitism rates of N. baccharidis galls ( and mortality caused by extemal feeding and other factors) , there was no relationship between gall abundance and mortality and survivorship rates. Thus, factors associated with the 3rd trophic leveI seemed not to be responsible for the differential gall abundance between phenological phases in this population.
The sex of the host plant also did not seem to be an important factor in the preference and performance of N. baccharidis. In the ctlrrent study, no differences in abundance or survivorship of galls between males and females of B. dracunculifolia were found. Tannin concentration in leaves was also similar between the sexes. Our results do not corroborate those of several studies on herbivorous insects on dioecious plants ( e.g., Agren 1988 , Jing and Coley 1990 , Krischik and Denno 1990 , Wolfe 1997 ) that found that differential reproductive efforts may lead to differential herbivory pressures in dioecious plants. Thus, females would be less attacked by herbivores than males, because females have high allocation of resources to defense and reproduction and low allocation to growth. However , our data agree with results recently obtained for B. dracunculifolia and Baccharis concinna Barroso (Araújo et al. 1995, Cameiro and Femandes 1996) , where no differential herbivory by galling insects between sexes was found. We argue that, before generalizations are made, more work is needed on the pattems of attack by galling insects on dioecious plants.
Gall abundance of N. baccharidis on its host plant B. dracunculifolia was not inHuenced by climatic variables, which have been argued to be important factors phases. In contrast, the abundance of adults of N. baccharidis showed several peaks during the study, with no coincidence with the reproductive phases of the host plant. Furthennore, there was no difference in adult abundance in the field between the reproductive and nonreproductive phases.
The timing of insect activity and the shape of the actiyjty or abundance distributions depend strong.ly on life history characteristics of the species concemed (Wolda 1988) . These characteristics may include the rate of development of immahlres, adult longevity, synchronization of male and female emergence, and voltinism. The completec development of galls of N. baccharidis may last from 1 to 6 mo, overlapping with later generations, and with no synchronization in adult emergence. Although a higher number of cohorts ocCWTed in the reproductive phases of the host plant, ga1ls with nymphs persisted even in nonreproductive phases, maintaining the abundance of N. baccharidis during these periods. Thus, the number of adults availab}e in the reproductive and nonreproductive phases was similar, suggesting that the success of colonization by N. baccharidis is inHuenced by other factors, because the adult population in the field did not show a seasonal pattem in abundance.
Climatic factors are known to inHuence the abundance of insects, even in the tropics where seasonal variations in temperature are minimal (Wolda 1988) . In tropical areas, the dry season seems to be more important in detennining the activity period of insects (Wolda 1978) .However, theabundance of adults of N. baccharidis was not related to variations in temperature and precipitation, as their activity remained high in both dry and wet seasons. Gall abundance also was not correlated with weather conditions. Other fâctors, such as the suitability of the host plant, may play an important role in the seasonality of herbivores, and their abundance is known to vary greatly with host quality ( especially with nutrient content and concentration of secondary compounds) (Feeny 1970 , Moran 1981 , Hunter and McNeil 1997 . The success of N. baccharidis to induce galls on its host plant is highly seasonal and it may be detennined by a plant trait that varies between the reproductive and nonreproductive phases.
The allocation of resources in plaÍ1ts may show seasonal variations according to phenological changes (Feeny 1970 , Macauley and Fox 1980 , Palo et al. 1985 . Jing and Coley (1990) proposed the occWTence of a trade-off between defense and reproduction in Acer negundo Willson to explain the higher herbivory rates on this plant during Howering. Nevertheless, in our study, tannin concentration found in leaves of B. dracunculifolia did not vary as expected if a trade-off existed. Tannin concentration in the reproductive phase was higher than in the nonreproductive phase, indicating no trade-off with reproductive investment. Furthermore, N. bacclJaridis did not show increased success (higher gall abundance) on plants with low concentration of tannins. A possible explanation is that these compounds may not have the same harmful effects on gall inducers as on free-feeding herbivores. population even in periods of low induction of new galls. Furthermore, there was no differential mortality on the galling psyllid due to natural enemies between the reproductive and nonreproductive phases. Tannin concentration in B. dracunculifolia was also unlikely to be responsible for the abundance pattem observed, possibly as a consequence of its lack of effects on gall-inducing insects. Thus, it is possible that the colonization success of N. baccharidis on B. dracunculifolia is driven by intrinsic characteristics of the plant that vary between phenological phases and that are still unknown, such as other kinds of secondary compounds, availability and dynamics of meristematic tissues, and physiological or mechanical defenses. Future studjes sha" report on the effects that these n'lechanisms may have on the abundance of N. baccharids on B. dracunculifolia.
